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RESIN CAGE FOR TAPERED ROLLER
BEARING AND TAPERED ROLLER BEARING
INCLUDING THE RESIN CAGE

TECHNICAL FIELD

[0001] The present invention relates to a cage which is used
for a tapered roller bearing and is manufactured by injection-
molding a thermoplastic resin, and a tapered roller bearing
which is provided with the cage, and particularly relates to a
cage and a tapered roller bearing which can be suitably used
to a motor vehicle, a railway vehicle, a construction machine,
a joint of an industrial robot, a machine tool, a transport
device, an assembly device, and the like.

BACKGROUND ART

[0002] A roller bearing has a large load capacity of a radial
load compared to a ball bearing, and a tapered roller bearing
in which a roller having a circular truncated cone shape (a
tapered roller) is assembled as a rolling element can support
acombined load of a radial load and an axial (thrust) load. For
this reason, the tapered roller bearing has been widely used
for a rotating support portion in a driving device, a gear
reducer, and a power transmitting device in various machines
such as a motor vehicle, a railway vehicle, a construction
machine, a machine tool, and an industrial robot (for
example, refer to Patent Document 1).

[0003] As acage used in the tapered roller bearing, a resin
cage which is made by injection-molding a thermoplastics
resin with which a reinforcing material such as a glass fiber or
a carbon fiber is filled has been widely used since the resin
cage is excellent in lightness and mass productivity and has
no metallic abrasion powders generated compared with a
metal cage which is made by press-forming a steel plate. In
addition, in order to reduce manufacturing cost, the resin cage
is generally injection-molded by using a molding structure in
which a pair of molds are separated from each other in the
axial direction, that is, by using an axial-draw molding (for
example, refer to paragraph [0011] and FIG. 11 in Patent
Document 1).

[0004] Inthecage which is injection-molded by using such
an axial-draw molding, on the basis of a mold parting line in
apocket as a boundary, one side is in contact with the tapered
roller and the other side is not in contact with the tapered
roller. Thus, the tapered roller can be inserted into the cage
from the inner diameter side, and is not dropped out to the
outer diameter side, but is dropped out to the inner diameter
side. Therefore, since the tapered roller is likely to be dropped
out with only the cage and the tapered roller, the productivity
of the tapered roller bearing deteriorated depending on a
configuration of an assembly line.

[0005] In addition, in order to improve the productivity of
the tapered roller bearing, there has been proposed a resin
cage for a tapered roller bearing which has a shape realizing
a so-called cage and roller wherein the cage can support the
tapered roller while holding the tapered roller in a state where
the tapered roller bearing is not assembled between the inner
ring and the outer ring (for example, refer to Patent Docu-
ments 2 and 3).

PRIOR ART DOCUMENT

Patent Document
Patent Document 1: JP-A-2007-127269

Patent Document 2: JP-B-3699249
Patent Document 3: JP-A-2007-32679

[0006]
[0007]
[0008]
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SUMMARY OF THE INVENTION

Problem to be Solved

[0009] Since a resin cage for a tapered roller bearing dis-
closed in Patent Document 2 can realize the cage and roller,
the tapered roller bearing is easily assembled, for example, an
assembly can be easily performed by an automatic machine.
Concurrently, in order to realize the cage and roller, an inside
protruding portion, which protrudes to an inner diameter side
from annular portions at both ends so as to prevent the tapered
roller from being dropped out to the inner diameter side, is
formed in a pillar portion between adjacent pockets. For this
reason, this cage cannot be injection-molded by using an
axial-draw molding, and therefore, it is required to perform
injection-molding by using a molding structure, that is, a
radial draw molding which displaces a number of molds in the
radial direction. Due to this, molds are complicated and
expensive and thus a manufacturing cost becomes increased.

[0010] Inaddition, inthe tapered roller bearing disclosed in
Patent Document 3, a projection for preventing the escape of
tapered rollers is provided at an opening edge of an outer
peripheral side and an inner peripheral side of a pocket, and
there is a possibility that the injection-molding cannot be
performed by using an axial-draw molding machine, thereby
increasing manufacturing cost. In addition, in Patent Docu-
ment 3, the roller insertability with respect to the cage was not
examined. Further, the cage which is used for the tapered
roller bearing disclosed in Patent Document 3 is integrally
formed with the roller, but since an overlap allowance (inter-
ference) for holding tapered rollers is not described, it is not
clear that the properties for holding tapered rollers are suffi-
cient. In addition, a contact angle is less than 35° in the
tapered roller bearing, and in a case where the contact angle is
set to be equal to or greater than 35°, since a small flange is not
provided in the inner ring, there is a concern that the roller
cannot be sufficiently held only by the cage.

[0011] The present invention was made in consideration of
the above-described circumstance, and an object thereof is to
provide a resin cage for a tapered roller bearing which has a
shape realizing a so-called cage and roller and can be formed
by injection-molding and a tapered roller bearing including
the resin cage.

Means for Solving the Problem

[0012] The above object of the present invention is
achieved by the following configurations.

[0013] (1) A resin cage for a tapered roller bearing that is
injection-molded such that a large-diameter ring portion and
a small-diameter ring portion which are separated from each
other in an axial direction are connected to each other by a
plurality of pillar portions which come in slide contact with an
outer peripheral surface of a tapered roller which is a rolling
element, and a plurality of pockets are equally formed in a
circumferential direction for housing and holding the tapered
roller,

[0014] wherein a mold parting line which is extended in an
axial direction is formed in the pillar portion defining the
pockets,

[0015] wherein on facing surfaces of the adjacent pillar
portions, on an outer diameter side from the mold parting line,
a first conical surface which comes in slide contact with an
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outer peripheral surface of the tapered roller is formed, and a
substantially flat surface in a first radial direction which is
continuous to the first conical surface is formed in a portion
on the outer diameter side from the first conical surface, and
[0016] wherein on an inner diameter side from the mold
parting line, a second conical surface which comes in slide
contact with an outer peripheral surface of the tapered roller
is formed, and a substantially flat surface in a second radial
direction which is continuous to the second conical surface is
formed in a portion on the inner diameter side from the second
conical surface.

[0017] (2) The resin cage for a tapered roller bearing
according to (1),

[0018] wherein the large-diameter ring portion, the small-
diameter ring portion, and the pillar portion of the cage are
molded by extracting a pair of moldings in the axial direction.
[0019] (3) The resin cage for a tapered roller bearing
according to (1),

[0020] wherein a recessed groove along the mold parting
line is formed on the facing surface of the pillar portion.
[0021] (4) The resin cage for a tapered roller bearing
according to (3),

[0022] wherein a depth of recessed groove is within a range
0f 0.1 mm to 0.8 mm.

[0023] (5) The resin cage for a tapered roller bearing
according to (4),

[0024] wherein a boundary between the first conical sur-
face and the substantially flat surface in the first radial direc-
tion, and a boundary between the second conical surface and
the substantially flat surface in the second radial direction
correspond to each other, and

[0025] wherein the depth of the recessed groove is within a
range of 0.1 mm to 0.6 mm in the vicinity of an intersection
position of the boundary and the mold parting line.

[0026] (6) The resin cage for a tapered roller bearing
according to any one of (1) to (5),

[0027] wherein the mold parting line is formed substan-
tially in a center portion of the pillar portion in the radial
direction such that the first conical surface and the second
conical surface are substantially the same as each other in an
extension length of the pillar portion.

[0028] (7) The resin cage for a tapered roller bearing
according to any one of (1) to (5),

[0029] wherein the pillar portion is formed such that an
opening width on an inner diameter in the pocket is smaller
than a large roller diameter of the tapered roller by setting at
least a portion on the inner diameter side of the pocket as an
overlap allowance of 0.1 mm to 0.7 mm, and the pillar portion
is formed such that an opening width on an outer diameter in
the pocket is smaller than a small roller diameter of the
tapered roller by setting at least a portion on the outer diam-
eter side of the pocket as an overlap allowance from 0.1 mm
to 0.6 mm.

[0030] (8) The resin cage for a tapered roller bearing
according to any one of (1) to (5),

[0031] wherein an annular notch portion is formed on at
least one of an inner peripheral surface of the large-diameter
ring portion and an outer peripheral surface of the small-
diameter ring portion of the cage in such that a thickness of
the ring portion is smaller than a thickness of the pillar por-
tion.
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[0032] (9) The resin cage for a tapered roller bearing
according to (7),

[0033] wherein an annular notch portion is formed on at
least one of an inner peripheral surface of the large-diameter
ring portion and an outer peripheral surface of the small-
diameter ring portion of the cage such that a thickness of the
ring portion is smaller than a thickness of the pillar portion.
[0034] (10) The resin cage for a tapered roller bearing
according to (8),

[0035] wherein the notch portion is formed on the inner
peripheral surface of the large-diameter ring portion,

[0036] wherein a thickness of the large-diameter ring por-
tion is 40% to 80% of a thickness of the pillar portion, and
[0037] wherein the thickness of the pillar portion is 30% to
70% of an averaged roller diameter of the tapered roller.
[0038] (11) The resin cage for a tapered roller bearing
according to any one of (1) to (5),

[0039] wherein an inclination angle of the cage is set to be
equal to or greater than 32°30" and less than 55°.

[0040] (12) The resin cage for a tapered roller bearing
according to (7),

[0041] wherein an inclination angle of the cage is set to be
equal to or greater than 32°30" and less than 55°.

[0042] (13) The resin cage for a tapered roller bearing
according to (8),

[0043] wherein an inclination angle of the cage is set to be
equal to or greater than 32°30" and less than 55°.

[0044] (14) The resin cage for a tapered roller bearing
according to (9),

[0045] wherein an inclination angle of the cage is set to be
equal to or greater than 32°30" and less than 55°.

[0046] (15) The resin cage for a tapered roller bearing
according to (10),

[0047] wherein an inclination angle of the cage is set to be
equal to or greater than 32°30" and less than 55°.

[0048] (16) A resin cage for a tapered roller bearing that is
injection-molded using an axial-draw molding such that a
large-diameter ring portion and a small-diameter ring portion
which are separated from each other are connected to each
other in an axial direction by a plurality of pillar portions
which come in slide contact with an outer peripheral surface
of a tapered roller which is a rolling element, and a plurality
of pockets are equally formed in a circumferential direction
for housing and holding the tapered roller,

[0049] wherein a mold parting line which is extended in an
axial direction is formed in the pillar portion defining the
pockets,

[0050] wherein on facing surfaces of the adjacent pillar
portions, on an outer diameter side from the mold parting line,
a conical surface on the inner diameter side which comes in
slide contact with an outer peripheral surface of the tapered
roller is formed in a portion on the inner diameter side from a
virtual conical surface connecting to a respective rotation
axes of the plurality of tapered rollers, and a flat surface in a
radial direction which is continuous to the conical surface on
the inner diameter side is formed in a portion on the outer
diameter side from the virtual conical surface, and

[0051] wherein on an inner diameter side from the mold
parting line, a conical surface on the outer diameter side
which comes in slide contact with an outer peripheral surface
of the tapered roller is formed in a portion on the outer
diameter side from the virtual conical surface, and a flat
surface in a radial direction which is continuous to the conical
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surface on the outer diameter side is formed in a portion on the
inner diameter side from the virtual conical surface.

[0052] (17) The resin cage for a tapered roller bearing
according to (16),

[0053] wherein a recessed groove along the mold parting
line is formed on the facing surface of the pillar portion.
[0054] (18) The resin cage for a tapered roller bearing
according to (16) or (17),

[0055] wherein the mold parting line is formed in a center
portion of the pillar portion in the radial direction such that the
conical surface on the inner diameter side and the conical
surface on the outer diameter side are the same as each other
in a extension length of the pillar portion.

[0056] (19) A tapered roller bearing comprising:

[0057] an outer ring which includes an outer ring raceway
surface on an inner peripheral surface;

[0058] an inner ring which includes an inner ring raceway
surface on an outer peripheral surface;

[0059] a plurality of tapered rollers which are rollably
arranged between the outer ring raceway surface and the inner
ring raceway surface; and

[0060] the resin cage according to any one of (1) to (17),
[0061] wherein a flange is formed at an end portion on a
large-diameter side of the inner ring, the inner ring raceway
surface is provided to be continuous to an end surface of a
small-diameter side of the inner ring, and a contact angle cc of
the tapered roller bearing is set to be within a range of 35° to
55°.

[0062] (20) A tapered roller bearing comprising:

[0063] an outer ring which includes an outer ring raceway
surface on an inner peripheral surface;

[0064] an inner ring which includes an inner ring raceway
surface on an outer peripheral surface;

[0065] a plurality of tapered rollers which are rollably
arranged between the outer ring raceway surface and the inner
ring raceway surface; and

[0066] the resin cage according to any one of (1) to (17),
[0067] wherein a flange is formed only at an end portion on
a large-diameter side among an end portion on the large-
diameter side and an end portion on a small-diameter side of
the inner ring, and a contact angle cc of the tapered roller
bearing is set to be within a range of 35° to 55°.

[0068] (21) The tapered roller bearing according to (19) or
(20),
[0069] wherein a flat surface or a recessed portion which

faces a notch portion of the cage is formed in the flange, and
thus the flange is formed into a shape of entering the notch
portion.

[0070] It is noted that the “radially flat surface” in the
present invention is not limited to the flat surface extending in
the radial direction or the flat surface in which the facing
surfaces parallel to each other, but may be a flat surface facing
the radial direction so as to extract the mold to the axial
direction.

Effects of the Invention

[0071] As described above, according to the resin cage for
tapered roller bearing, since the conical surfaces which come
in slide contact with the outer peripheral surface of the
tapered roller and the substantially radially flat surfaces are
alternately formed on the facing surfaces of the adjacent pillar
portions by being separated to the outer diameter side and the
inner diameter side from the mold parting line, the tapered
roller is held by the conical surface which is positioned on the
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outer diameter side from the mold parting line and the conical
surface which is positioned on the inner diameter side from
the mold parting line. Therefore, the tapered rollers can be
held in a state where the tapered roller bearing is not
assembled between the inner ring and the outer ring. Accord-
ingly, with such a cage and roller, it is possible to facilitate the
assembly of the tapered roller bearing, for example, the
assembly can be easily performed by an automatic machine.

BRIEF DESCRIPTION OF DRAWINGS

[0072] FIG. 1A is a sectional view of a tapered roller bear-
ing according to a first embodiment of the present invention,
and FIG. 1B is a view of a tapered roller.

[0073] FIG. 2 is a perspective view of a resin cage for the
tapered roller bearing in FIG. 1.

[0074] FIG. 3 is an enlarged perspective view of a main part
of the resin cage for the tapered roller bearing in FIG. 1.
[0075] FIG. 4 is a front longitudinal sectional view of the
resin cage for the tapered roller bearing in FIG. 1.

[0076] FIG. 5 is an enlarged front longitudinal sectional
view of a main part of the resin cage for the tapered roller
bearing in FIG. 1.

[0077] FIG. 6A is asectional view taken along line VI-VIin
FIG. 1, and FIG. 6B is a sectional view taken along line
VI'-VI'in FIG. 1.

[0078] FIG. 7 is an enlarged longitudinal sectional view
according to a modification example of a main part of the
resin cage for the tapered roller bearing in the first embodi-
ment.

[0079] FIG. 8A is a sectional view of a tapered roller bear-
ing according to a second embodiment of the present inven-
tion, and FIG. 8B is a view of a tapered roller.

[0080] FIG.9A is an overall perspective view of the cage in
FIG. 8, and FIG. 9B is a partially enlarged view of FIG. 9A.
[0081] FIG. 10A is an enlarged front longitudinal sectional
view of a main part of the resin cage for the tapered roller
bearing in FIG. 8, and FIG. 10B is a sectional view of a
recessed groove at an intersection position of a mold parting
line with a boundary.

[0082] FIG. 11A is a sectional view taken along line XI-XI
in FIG. 8, and FIG. 11B is a sectional view taken along line
XI'-XTI'"in FIG. 8.

[0083] FIG. 12 is a graph illustrating moment rigidity and
life span of the tapered roller bearing in the present embodi-
ment and the conventional art.

[0084] FIG. 13 is an enlarged longitudinal sectional view
according to a modification example of a main part of the
resin cage for the tapered roller bearing in the second embodi-
ment.

[0085] FIG. 14 is an enlarged longitudinal sectional view
according to another modification example of a main part of
the tapered roller bearing in the second embodiment.

[0086] FIG. 15 is a sectional view of the tapered roller
bearing according to a third embodiment of the present inven-
tion.

[0087] FIG. 16 is a sectional view of an inner ring in FIG.
15.
[0088] FIG. 17 is a sectional view of the inner ring of the

tapered roller bearing according to a first modification
example in the third embodiment.

[0089] FIG. 18A is a sectional view of a tapered roller
bearing according to a second modification example in the
third embodiment, and FIG. 18B is a partially enlarged sec-
tional view of an inner ring thereof.
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[0090] FIG. 19A is a sectional view of an inner ring of a
tapered roller bearing according to a third modification
example in the third embodiment, and FIG. 19B is a section
view of an inner ring of a tapered roller bearing according to
a fourth modification example in the third embodiment.
[0091] FIG. 20A is a sectional view of a tapered roller
bearing according to a fourth embodiment, and FIG. 20B is a
sectional view of a tapered roller bearing according to a
modification example in the fourth embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0092] Hereinafter, a tapered roller bearing according to
each embodiment of the present invention will be described in
detail with reference to the drawings.

First Embodiment

[0093] As illustrated in FIGS. 1A and 1B, a tapered roller
bearing 1 in the first embodiment includes an outer ring 2
having an outer ring raceway surface 2a on an inner periph-
eral surface, an inner ring 3 having an inner ring raceway
surface 3a on an outer peripheral surface, a plurality of
tapered rollers 4 which are rollably arranged between the
outer ring raceway surface 2a¢ and the inner ring raceway
surface 3a, and a resin cage 10 which defines a plurality of
pockets P for housing and holding the plurality of tapered
rollers 4 at a predetermined interval.

[0094] The outer ring raceway surface 2a which is formed
on the outer ring 2 is provided on an inner peripheral surface
of the outer ring 2 such that an inner diameter becomes
gradually larger toward a large-diameter side from a small-
diameter side.

[0095] In addition, the inner ring 3 is provided with a large
flange 35 which is formed at an end portion on a large-
diameter side so as to project to the outside in the radial
direction, and the inner ring raceway surface 3a is provided to
be continuous to an end surface of a small-diameter side 3c,
and to make the outer diameter become gradually larger
toward the large flange 35 from the end surface of the small-
diameter side 3¢. That is, the inner ring 3 includes a flange
portion only at the end portion on the large-diameter side
among the end portion on the large-diameter side and the end
portion of the small-diameter side.

[0096] As illustrated in FIGS. 1A and 1B, in the tapered
roller bearing 1 in the present embodiment, a contact angle o
which is an angle formed of a contact line of the outer ring
raceway surface 2a and a rotation axis of the tapered roller
bearing 1 is set to be 45° so as to improve the moment rigidity.
Meanwhile, when the contact angle o is within a range of 35°
to 55°, it is possible to improve the moment rigidity. When a
pair of the tapered roller bearings 1 are used by being dis-
posed in the axial direction, a distance between bearings is
short, that is, in a case where the distance between the bear-
ings is equal to or smaller by four times than an assembly
width T of the bearing, when the contact angle ¢ is set to be in
a range of 35° to 55°, it is possible to make the distance
between points of load application longer, which is particu-
larly effective in improving the moment rigidity of the bear-
ing.

[0097] Inaddition, as illustrated in FIGS. 1A to 3, the resin
cage 10 includes a large-diameter ring portion 11 and a small-
diameter ring portion 12 which are apart from each other in
the axial direction, and a plurality of pillar portions 13 which
connect between the large-diameter ring portion 11 and the
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small-diameter ring portion 12, and are provided at a prede-
termined interval in the circumferential direction. The pillar
portion 13 comes in slide contact with the outer peripheral
surface of the tapered roller 4 which is a rolling element. In
the resin cage 10, a plurality of pockets P, P, . . . are equally
formed in a circumferential direction for housing and holding
the tapered rollers 4, 4, . . .

[0098] As a base resin which is used in a usable resin
composition for the cage 10, it is possible to use a thermo-
plastics resin having a certain or higher level of heat resisting
properties. In addition, in order to satisfy a fatigue resistance
which is required for the cage 10 and less dimensional change
of water absorption, a crystalline resin is preferable, such as
polyamide 46, polyamide 66, an aromatic polyamide resin, a
polyphenylene sulfide (PPS) resin, and a polyether ether
ketone (PEEK) resin. Examples of the aromatic polyamide
resin include modified polyamide 6T, polyamide MXD®6,
polyamide 9T, and polyamide 4T such as polyamide 61/61.
Among the base resins described above, the polyphenylene
sulfide (PPS) resin and the polyether ether ketone (PEEK)
resin in which there is almost no dimensional change due to
water absorption are particularly preferred.

[0099] In addition, this resin composition includes a rein-
forcing fiber material in order to achieve a certain level of
strength, and prevent the coefficient of linear expansion and
water absorption dimension from changing. As an example of
the reinforcing fiber material, it is preferable to use a surface-
treated product (adhesiveness with the base resin is improved
by performing surface treatment by using a silane coupling
agent and a sizing agent) such as a glass fiber, a carbon fiber,
and an aramid fiber. The content of the reinforcing fiber
material in the resin composition is preferably from 10% by
weight to 40% by weight with respect to the entire resin
composition, and is more preferably from 15% by weight to
30% by weight.

[0100] Theresincage 10 is made by injection-molding, and
in the present embodiment, is made by injection-molding by
using the axial-draw molding that is advantageous in cost.
[0101] Then, as illustrated in FIG. 5, since the center por-
tion of the pillar portions 13, 13, . . . which define the pockets
P,P,...inthe radial direction is set to be the mold parting line,
that is, a parting line A, the pockets P, P, . . . are formed by
combining a fixed side cavity and a movable side cavity.
[0102] Asillustrated in FIGS. 3 and 5, on the outer diameter
side from the mold parting line A on the facing surfaces of the
adjacent pillar portions 13, 13, a conical surface 15A on the
inner diameter side which comes in slide contact with the
outer peripheral surface of the tapered roller 4 is formed on
the inner diameter side from an virtual conical surface C
connecting each of rotation axes (central axis) of a plurality of
tapered rollers 4, 4, and a radially flat surface 16 A which is
continuous to the conical surface 15A on the inner diameter
side is formed on the outer diameter side from the virtual
conical surface C. In addition, on the inner diameter side from
the mold parting line A on the facing surfaces of the adjacent
pillar portions 13, 13, a conical surface 15B on the outer
diameter side which comes in slide contact with the outer
peripheral surface of the tapered roller 4 is formed on the
outer diameter side from the virtual conical surface C, and a
radially flat surface 16B which is continuous to the conical
surface 15B on the outer diameter side is formed on the inner
diameter side from the virtual conical surface C. Meanwhile,
curvatures of the conical surfaces 15A, 15B are set to be
greater than the curvature of the tapered roller 4.
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[0103] Further, the recessed grooves 14, 14 along the mold
parting line A are formed on the facing surfaces of the adja-
cent pillar portions 13, 13.

[0104] According to such a configuration, since the conical
surfaces 15A, 15B which come in slide contact with the outer
peripheral surface of the tapered roller 4 and the radially flat
surfaces 16A, 16B are alternately formed on the facing sur-
faces of'the adjacent pillar portions 13, 13 by being separated
to the outer diameter side and the inner diameter side from the
mold parting line A, the tapered roller 4 is held by the conical
surface 15A which is positioned on the outer diameter side
from the mold parting line A and the conical surface 15B
which is positioned on the inner diameter side from the mold
parting line A. Therefore, the tapered rollers 4, 4, . . . can be
held in a state where the tapered roller bearing is not
assembled between the inner ring and the outer ring. Accord-
ingly, with such a cage and roller, it is possible to facilitate the
assembly of the tapered roller bearing, for example, the
assembly can be easily performed by an automatic machine.
[0105] Inaddition, since there is no need to form the inside
protruding portion, which is disclosed in Patent Document 2,
for preventing the tapered roller from being dropped out to the
inner diameter side, the conical surfaces 15A, 15B which
come in slide contact with the outer peripheral surface of the
tapered roller 4 and the radially flat surfaces 16A, 16B are
alternately formed on the facing surfaces of the adjacent pillar
portions 13, 13 by being separated to the outer diameter side
and the inner diameter side from the mold parting line A, and
thus it is possible to extract the molding in the axial direction
as illustrated by an arrow in FIG. 5, thereby performing the
injection-molding by using the axial-draw molding. Accord-
ingly, since the mold is not complicated and is not expensive,
a manufacturing cost of the resin cage 10 for a tapered roller
bearing is not increased.

[0106] Further, since the recessed groove 14, 14, . . . along
the mold parting line A is formed in the pillar portions 13, 13,
... which define the pockets P, P, . . ., even when a burr occurs
due to the mold parting line A in the pocket P, the burr which
can be stored in the recessed groove 14 does not interfere with
the tapered roller 4. Therefore, it is possible to allow the burr
having a size which can be stored in the recessed groove 14.
Accordingly, it is possible to significantly reduce a risk that
the tapered roller and the raceway surfaces in the inner ring
and the outer ring are damaged because the burr is dropped
out from the cage 10 during the rotation of the tapered roller
bearing, and a risk of inhibiting the smooth rotation of the
tapered roller 4.

[0107] Inaddition, the mold parting line A is formed in the
center portion of the pillar portion 13 in the radial direction
such that the conical surface 15A on the inner diameter side
and the conical surface 15B on the outer diameter side are
extended by the same length from the pillar portion 13. Due to
this, it is possible to reliably prevent the tapered roller 4 from
being dropped out to the inner diameter side and the outer
diameter side by the conical surface 15A on the inner diam-
eter side and the conical surface 15B on the outer diameter
side. Meanwhile, the mold parting line A is preferably at the
center portion of the pillar portion 13 in the radial direction,
but as long as it is possible to reliably prevent the tapered
roller 4 from being dropped out by the conical surface 15A on
the inner diameter side and the conical surface 15B on the
outer diameter side, the mold parting line A may be in the
vicinity of the center portion of the pillar portion 13 in the
radial direction, that is, may be formed by slightly being
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deviated from the center portion in the radial direction to the
inner diameter side or the outer diameter side.

[0108] Inaddition, as illustrated in FIG. 6 A, the protruding
portion 17A is provided at the end portion of the conical
surface 15A on the inner diameter side which is formed in a
portion which s close to the large-diameter ring portion of the
pillar portion 13, and as illustrated in FIG. 6B, the protruding
portion 17B is provided at the end portion of the conical
surface 15B on the outer diameter side which is formed in a
portion which is close to the small-diameter ring portion of
the pillar portion 13.

[0109] In addition, in order to assemble the tapered roller 4
and the resin cage 10, in the protruding portion 17A which is
close to the large-diameter ring portion of the pillar portion
13, an opening width W1 on the inner diameter in the pocket
P is smaller than a roller diameter Dw1 on a large-diameter
side, and in the protruding portion 17B which is close to the
small-diameter ring portion of the pillar portion 13, an open-
ing width W2 on the outer diameter of the pocket is smaller
than a roller diameter Dw2 on a small-diameter side.

[0110] Table 1 shows a test result of the roller insertability
and the roller retaining performance by changing the overlap
allowance (Dw1-W1) in the protruding portion 17A which is
close to the large-diameter ring portion of the pillar portion 13
and the overlap allowance (Dw2-W2) in the protruding por-
tion 17B which is close to the small-diameter ring portion of
the pillar portion 13 for every 0.1 mm within a range of 0.1
mm to 0.7 mm. It is noted that, other conditions of the test are
set to be the same. In addition, in the Table, a double circle
indicates that both the roller insertability and the roller retain-
ing performance are good, a single circle indicates that either
the roller insertability or the roller retaining performance is
not as good as a case of the double circle, but is implement-
able, and x indicates that either the roller insertability or the
roller retaining performance is not implementable.

[0111] From this result, it is found that the overlap allow-
ance (Dw1-W1) in the protruding portion 17A which is close
to the large-diameter ring portion of the pillar portion 13 is
preferably set to be in a range of 0.1 mm to 0.7 mm, and the
overlap allowance (Dw2-W2) in the protruding portion 17B
which is close to the small-diameter ring portion of the pillar
portion 13 is preferably set to be in a range of 0.1 mm to 0.6
mm. Particularly, from a viewpoint of a good balance
between the roller insertability and the roller retaining per-
formance, it is preferable that the overlap allowance (Dw1-
W1) in the protruding portion 17A which is close to the
large-diameter ring portion of the pillar portion 13 is set to be
within a range of 0.2 mm to 0.6 mm, and the overlap allow-
ance (Dw2-W2) in the protruding portion 17B which is close
to the small-diameter ring portion of the pillar portion 13 is set
to be within a range of 0.1 mm to 0.3 mm.

TABLE 1

Overlap allowance (mm)

01 02 03 04 0S5 0.6 0.7

Protruding portion 17A O @ e e o O O
close to large-diameter ring
protruding portion 17B ®@ @ & O O O X

close to small-diameter ring

[0112] In addition, as illustrated in FIGS. 1A and 1B, an
inclined ANGLE ., ofthe outer peripheral surface ofthe cage
10 with respect to the rotation axis of the tapered roller bear-
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ing 1 is set to be 32°30' or greater and smaller than 55°, and is
preferably set to be from 32°30' to 54° to correspond to the
contact angle o of the tapered roller bearing 1.

[0113] As described above, according to the resin cage 10
for a tapered roller bearing in the present embodiment, since
the conical surfaces 15A, 15B which come in slide contact
with the outer peripheral surface of the tapered roller 4 and the
radially flat surfaces 16A, 16B are alternately formed on the
facing surfaces of the pillar portions 13 which are adjacent to
each other by being separated to the outer diameter side and
the inner diameter side from the mold parting line A, and the
tapered roller 4 is held by the conical surface 15A which is
positioned on the outer diameter side from the mold parting
line A and the conical surface 15B which is positioned on the
inner diameter side from the mold parting line A, and the cage
can support the tapered roller 4 while holding the tapered
roller in a state where the tapered roller bearing is not
assembled between the inner ring and the outer ring. Accord-
ingly, with such a cage and roller, it is possible to facilitate the
assembly of the tapered roller bearing, for example, the
assembly can be easily performed by an automatic machine.
[0114] In addition, according to the present embodiment,
since there is no need to form the inside protruding portion,
which is disclosed in Patent Document 2, for preventing the
tapered roller from being dropped out to the inner diameter
side, the conical surfaces 15A, 15B which come in slide
contact with the outer peripheral surface of the tapered roller
4 and the radially flat surfaces 16A, 16B are alternately
formed on the facing surfaces of the adjacent pillar portions
13, by being separated to the outer diameter side and the inner
diameter side from the mold parting line A, and thus it is
possible to extract a pair of moldings in the axial direction,
thereby injection-molding the large-diameter ring portion 11,
the small-diameter ring portion 12, and the pillar portion 13
by using the axial-draw molding. Accordingly, since the mold
is not complicated and is not expensive, a manufacturing cost
of the resin cage 10 for a tapered roller bearing is not
increased.

[0115] Meanwhile, the cage 10 in the present embodiment
is not necessarily injection-molded with the axial-draw mold-
ing by using a pair of moldings, but may be injection-molded
by partially using an insert or a core.

[0116] In addition, since the recessed groove 14 along the
mold parting line A is formed on the facing surfaces of the
pillar portion 13, even when a burr occurs due to the mold
parting line A in the pocket P, the burr which can be stored in
the recessed groove 14 does not interfere with the tapered
roller 4. Therefore, it is possible to allow the burr having a size
which can be stored in the recessed groove 14. Accordingly, it
is possible to significantly reduce a risk that the tapered roller
4 and the raceway surfaces in the inner ring and the outer ring
are damaged because the burr is dropped out from the cage 10
during the rotation of the tapered roller bearing, and a risk of
inhibiting the smooth rotation of the tapered roller 4.

[0117] Inaddition, the mold parting line A is formed in the
center portion of the pillar portion 13 in the radial direction
such that the conical surface 15A on the inner diameter side
and the conical surface 15B on the outer diameter side are
extended by the same length from the pillar portion 13. Due to
this, it is possible to reliably prevent the tapered roller 4 from
being dropped out to the inner diameter side and the outer
diameter side by the conical surface 15A on the inner diam-
eter side and the conical surface 15B on the outer diameter
side.
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[0118] Further, the pillar portion 13 is formed by setting the
protruding portion 17A which is close to the large-diameter
ring portion as an overlap allowance 0of0.1 mm to 0.7 mm, and
setting an opening width W1 on the inner diameter in the
pocket P to be smaller than the roller diameter Dw1 of the
tapered roller 4 on the large-diameter side, and the pillar
portion 13 is formed by setting the protruding portion 17B
which is close to the large-diameter ring portion as an overlap
allowance of 0.1 mmto 0.6 mm, and setting the opening width
W2 on the outer diameter of the pocket P to be smaller than
the small roller diameter Dw2 of the tapered roller 4. With
this, it is possible to improve the insertability and the roller
retaining performance of the tapered roller 4 with respect to
the cage 10. That is, the pillar portion 13 may be formed by
setting at least a portion of the inner diameter in the pocket P
as the overlap allowance of 0.1 mm to 0.7 mm, and setting the
opening width W1 on the inner diameter in the pocket P to be
smaller than the roller diameter Dw1 of the tapered roller 4 on
the large-diameter side, and the pillar portion 13 may be
formed by sitting at least a portion on the side of the outer
diameter in the pocket P as the overlap allowance of 0.1 mm
to 0.6 mm, and setting the opening width W2 on the outer
diameter of the pocket P to be smaller than the small roller
diameter Dw2 of the tapered roller 4.

[0119] In addition, since the inclined angle o, of the cage
10 is set to be 32°30' or greater and smaller than 55°, the cage
10 is applicable to the steep tapered roller bearing 1of which
the contact angle . is 35° to 55°.

[0120] As described above, the tapered roller bearing 1 of
the present embodiment, the small flange in the inner ring is
eliminated so as to realize the high moment rigidity and long
life span, and accordingly, the length of the roller is made
longer. In order to correspond to this, the present embodiment
is realized that the tapered roller 4 and the cage 10 are inte-
grally formed by setting the overlap allowance of the cage 10,
and improving the roller retaining performance of the cage
10. Therefore, the cage 10 which is adopted for the tapered
roller bearing 1 in the present embodiment is realized to
function of holding the tapered roller 4 instead of the small
flange in the inner ring which usually functions ofholding the
tapered roller 4, and thereby it is possible to effectively pre-
vent the steep tapered roller bearing 1 of which the contact
angle o is 35° to 55° from being dropped out.

[0121] Meanwhile, in the above-described embodiment,
the recessed groove 14 is formed along the mold parting line
A, but since the recessed groove 14 becomes a cause of
deteriorating the strength of the pillar portion 13, the recessed
groove 14 is preferably formed as small as possible. For
example, as a modification example illustrated in FIG. 7, the
mold parting line A may be formed without the recessed
groove unlike the above-described embodiment.

Second Embodiment

[0122] Next, the tapered roller bearing according to a sec-
ond embodiment of the present invention will be described in
detail with reference to the drawings. As illustrated in FIGS.
8A and 8B, the tapered roller bearing 1 of the second embodi-
ment includes an outer ring 2 having an outer ring raceway
surface 2a on an inner peripheral surface, an inner ring 3
having an inner ring raceway surface 3a on an outer periph-
eral surface, a plurality of tapered rollers 4 which are rollably
arranged between the outer ring raceway surface 2a and the
inner ring raceway surface 3a, and a resin cage 10 which
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defines a plurality of pockets P for housing and holding the
plurality of tapered rollers 4 at a predetermined interval.
[0123] The outer ring raceway surface 2a which is formed
on the outer ring 2 is provided on an inner peripheral surface
of the outer ring 2 such that an inside diameter becomes
gradually larger toward a large-diameter side from a small-
diameter side.

[0124] In addition, the inner ring 3 is provided with a large
flange 35 which is formed at an end portion on a large-
diameter side so as to project to the outside in the radial
direction, and the inner ring raceway surface 3a is provided to
be continuous to an end surface of a small-diameter side 3c,
and to make the outer diameter become gradually larger as the
outer diameter toward the large flange 35 from the end surface
of small-diameter side 3¢. That is, the inner ring 3 includes a
flange only at the end portion on the large-diameter side
among the end portion on the large-diameter side and the end
portion of the small-diameter side.

[0125] As illustrated in FIGS. 8A and 8B, in the tapered
roller bearing 1 in the present embodiment, a contact angle o
which is an angle formed of a contact line of the outer ring
raceway surface 2a and a rotation axis of the tapered roller
bearing 1 is set to be 45° so as to improve the moment rigidity.
Meanwhile, when the contact angle o is within a range of 35°
to 55°, it is possible to improve the moment rigidity. When a
pair of the tapered roller bearings 1 are used by being dis-
posed in the axial direction, a distance between bearings is
short, that is, in a case where the distance between the bear-
ings is equal to or smaller by four times than an assembly
width T of the bearing, when the contact angle ¢ is set to be in
a range of 35° to 55°, it is possible to make the distance
between points of load application longer, which is particu-
larly effective in improving the moment rigidity of the bear-
ing.

[0126] In addition, in the tapered roller bearing 1, since the
ratio of a radial cross-section thickness H to an inside diam-
eter dis set to be 0.05<H/d<0.15, and a compact configuration
is achieved by setting the thickness to be thin in the radial
direction while largely setting the contact angle o to be 45°.
[0127] Further, since the inner ring 3 is not provided with
the small flange, a roller length Lw (refer to FIG. 8B) can be
made longer, and the ratio of the roller length Lw to the inner
ring width B is set to be 0.8<Lw/B<1.2 such that the load
capacity can be made larger, thereby improving the moment
rigidity and the life span. In addition, when the ratio of the
roller diameter Dw1 on the large-diameter side to the cross
section H in the radial direction is set to be 0.3<Dw1/H<0.6,
the size of the tapered roller can be reduced, and the load
capacity can be made larger, thereby improving the moment
rigidity and the life span.

[0128] Further, when the outer diameter of the inner ring is
set to be D1, the ratio of the height of the large flange in the
inner ring (D1-d)/2 to the wall thickness H of the cross
section in the radial direction is set to be 0.7<(D1-d)/2H<0.9,
and thus, due to this, it is possible to support the large flange
354 and significantly improve the strength of the large flange
3b. Here, when (D1-d)/2Hz=1 is established, the outer diam-
eter of the large flange is larger than the outer diameter of the
outer ring, and thus the large flange is likely to be contact with
the cage. For this reason, in consideration of the overlapping
allowance with the cage, the height of a large flange is
required to be set to be (D1-d)/2<H, that is, (D1-d)/2H<1. In
addition, in consideration of the margin of the bearing such as
the inclination, modification, operation amount, the height of
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the large flange is preferably set to be (D1-d)/2H<0.9. In
addition, when the height of the large flange is set to be
(D1-d)/2H=0.7, it is likely that the strength of the large flange
is not sufficient, and thus the height of the large flange is set to
be (D1-d)/2H>0.7. Meanwhile, in FIGS. 8A and 8B, T rep-
resents an assembly width of the tapered roller bearing and D
represents the outer diameter of the tapered roller bearing. In
addition, as the tapered roller bearing 1 which is applicable to
the present embodiment, generally, the inner diameter of the
bearing is set to be in a range of 30 mm to 500 mm, and the
outer diameter of the bearing is set to be in a range of 33 mm
to 650 mm. This size of the bearing can be preferably used for
the reduction gear. Accordingly, since the bearing size is
smaller than a bearing size for a wind power generator main
spindle, the size of the tapered roller is also small and light.
For this reason, as the tapered roller bearing 1, it is preferable
to use a cage which is integrally made of resin as described in
the present invention.

[0129] In addition, as illustrated in FIGS. 8A to 10B, the
resin cage 10 includes a large-diameter ring portion 11 and a
small-diameter ring portion 12 which are apart from each
other in the axial direction, and a plurality of pillar portions 13
which connect between the large-diameter ring portion 11
and the small-diameter ring portion 12, and are provided at a
predetermined interval in the circumferential direction. The
pillar portion 13 comes in slide contact with the outer periph-
eral surface of the tapered roller 4 which is a rolling element.
In the resin cage 10, a plurality of pockets P, P, . . . are equally
formed in a circumferential direction for housing and holding
the tapered roller 4, 4, . . .

[0130] As a base resin which is used in a usable resin
composition for the cage 10, it is possible to use a thermo-
plastics resin having a certain or higher level of heat resisting
properties. In addition, in order to satisfy a fatigue resistance
which is required for the cage 10 and less dimensional change
of water absorption, a crystalline resin is preferable, such as
polyamide 46, polyamide 66, an aromatic polyamide resin, a
polyphenylene sulfide (PPS) resin, and a polyether ether
ketone (PEEK) resin. Examples of the aromatic polyamide
resin include polyamide 6T/61 such as modified polyamide
6T, polyamide MXD6, polyamide 9T, and polyamide 4T.
Among the base resins described above, the polyphenylene
sulfide (PPS) resin and the polyether ether ketone (PEEK)
resin in which there is almost no dimensional change due to
water absorption are particularly preferable.

[0131] In addition, this the resin composition includes a
reinforcing fiber material in order to achieve a certain level of
strength, and prevent the coefficient of linear expansion and
water absorption dimension from changing. As an example of
the reinforcing fiber material, it is preferable to use a surface-
treated product (adhesiveness with the base resin is improved
by performing surface treatment by using a silane coupling
agent and a sizing agent) such as a glass fiber, a carbon fiber,
and an aramid fiber. The content of the reinforcing fiber
material in the resin composition is preferably from 10% by
weight to 40% by weight with respect to the entire resin
composition, and is more preferably from 15% by weight to
30% by weight.

[0132] Theresin cage 10 is made by injection-molding, and
in the present embodiment, is made by injection-molding by
using the axial-draw molding that is advantageous in cost.
[0133] Inaddition, similar to the first embodiment, as illus-
trated in FIG. 5, the mold parting line A is formed substan-
tially in the center portion of the pillar portions 13, 13, . . .
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which define the pockets P, P, . . . in the radial direction, along
the axial direction of the bearing, and thus, the pockets P, P, .
. . are formed by combining the fixed side cavity and the
movable side cavity.

[0134] As illustrated in FIGS. 9A to 10B, on the outer
diameter side from a mold parting line A on the facing sur-
faces of the adjacent pillar portions 13, 13, a first conical
surface 15A which comes in slide contact with the outer
peripheral surface of the tapered roller 4 is formed and a
radially flat surface 16 A (a substantially flat surface in a first
radial direction) which is continuous to the first conical sur-
face 15A is formed in a portion on the outer diameter side
from the first conical surface 15A. In addition on the inner
diameter from the mold parting line A on the facing surfaces
of'the adjacent pillar portions 13, 13, a second conical surface
15B which comes in slide contact with the outer peripheral
surface of the tapered roller 4 is formed, and a second radially
flat surface 16B (a substantially flat surface in a second radial
direction) which is continuous to the second conical surface
15B is formed on the inner diameter side from the second
conical surface 15B. Meanwhile, curvatures of the conical
surfaces 15A, 15B are set to be greater than the curvature of
the tapered roller 4.

[0135] In addition, a boundary between the first conical
surface 15A and the radially flat surface 16 A, and a boundary
between the second conical surface 15B and the radially flat
surface 16B match each other and overlap with each other in
a straight line. Further, these boundaries are indicated by K, in
the present embodiment, a boundary K corresponds to the
virtual conical surface C connecting to the respective rotation
axes (a central axis) of the plurality of tapered rollers 4, 4, . .
. and passes through the center position in the pillar portions
13, 13 in the thickness direction.

[0136] Meanwhile, the boundary K is preferable to match
the virtual conical surface C as described in the present
embodiment, but may be set to be slightly deviated from and
substantially in parallel with respect to the virtual conical
surface C. In addition, the boundary K is not limited to be at
the center position in the pillar portions 13, 13 in the thickness
direction, but may be set to be slightly apart from the center
position in the thickness direction.

[0137] Further, the recessed grooves 14, 14 which are along
the mold parting line A are formed on the facing surfaces of
the adjacent pillar portions 13, 13.

[0138] As illustrated in FIG. 10B, a depth De of the
recessed grooves 14, 14 is set to be within the range 0o 0.1 mm
to 0.8 mm. If the depth De of the recessed grooves 14, 14 is
less than 0.1 mm, it is likely that the burr collides with the
surface of the pocket, and thus the smooth rotation of the
tapered roller 4 is inhibited. On the other hand, ifthe depth De
of the recessed grooves 14, 14 is greater than 0.8 mm, the
thickness of the pillar portions 13, 13 becomes smaller, and
thereby the strength thereof is deteriorated.

[0139] Inaddition, the depth De of the recessed grooves 14,
14 in the vicinity of an intersection position 14C between the
boundary K and the mold parting line A is preferably set to be
within the range of 0.1 mm to 0.6 mm. The intersection
position 14C is exactly a position of the mold parting line A,
and thus it is difficult to specify the size of the bottom position
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of'the recessed groove in the intersection position 14C. There-
fore, it is possible to know the depth De of the recessed
grooves 14, 14 by measuring the size of the bottom position of
the recessed groove in the intersection position 14C. The
intersection position 14C is changed in accordance with the
setting position of the boundary K.

[0140] According to such a configuration, since the conical
surfaces 15A, 15B which come in slide contact with the outer
peripheral surface of the tapered roller 4 and the radially flat
surfaces 16A, 16B are alternately formed on the facing sur-
faces of the adjacent pillar portions 13, 13 by being separated
to the outer diameter side and the inner diameter side from the
mold parting line A, the tapered roller 4 is held by the conical
surface 15A which is positioned on the outer diameter side
from the mold parting line A and the conical surface 15B
which is positioned on the inner diameter side from the mold
parting line A. Therefore, the tapered rollers 4, 4 can be held
in a state where the tapered roller bearing is not assembled
between the inner ring and the outer ring. Accordingly, with
such a cage and roller, it is possible to facilitate the assembly
of'the tapered roller bearing, for example, the assembly can be
easily performed by an automatic machine.

[0141] Inaddition, since there is no need to form the inside
protruding portion, which is disclosed in Patent Document 2,
for preventing the tapered roller from being dropped out to the
inner diameter side, the conical surfaces 15A, 15B which
come in slide contact with the outer peripheral surface of the
tapered roller 4 and the radially flat surfaces 16A, 16B are
alternately formed on the facing surfaces of the adjacent pillar
portions 13, 13 by being separated to the outer diameter side
and the inner diameter side from the mold parting line A, and
thus it is possible to extract the molding in the axial direction
as illustrated by an arrow in FIG. 5, thereby performing the
injection-molding by using the axial-draw molding. Accord-
ingly, since the mold is not complicated and is not expensive,
a manufacturing cost of the resin cage 10 for a tapered roller
bearing is not increased.

[0142] Further, since the recessed groove 14, 14, . . . along
the mold parting line A is formed on the facing surfaces of the
pillar portions 13, 13, . . . which define the pockets P, P, . . .,
even when a burr occurs due to the mold parting line A in the
pocket P, the burr having a size which can be stored in the
recessed groove 14 does not interfere with the tapered roller 4.
Therefore, it is possible to allow the burr having a size which
can be stored in the recessed groove 14. Accordingly, it is
possible to significantly reduce a risk that the raceway sur-
faces in the inner ring and the outer ring are damaged due to
the burr from the cage 10 during the rotation of the tapered
roller bearing, and a risk of inhibiting the smooth rotation of
the tapered roller 4.

[0143] In addition, in the present embodiment, the mold
parting line A is formed in the center portion of the pillar
portion 13 in the radial direction such that the first conical
surface 15A and the second conical surface 15B are substan-
tially the same as each other in a length along an extension
direction of the pillar portion 13. Due to this, it is possible to
reliably prevent the tapered roller 4 from being dropped out to
the inner diameter side and the outer diameter side by the first
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conical surface 15A and the second conical surface 15B.
Meanwhile, the mold parting line A is preferably at the center
portion of the pillar portion 13 in the radial direction, but as
long as it is possible to reliably prevent the tapered roller 4
from being dropped out by the first conical surface 15A and
the second conical surface 15B, the mold parting line A may
be in the vicinity of the center portion of the pillar portion 13
in the radial direction, that is, may be formed by slightly being
deviated from the center portion in the radial direction to the
inner diameter side or the outer diameter side.

[0144] In addition, as illustrated in FIG. 11A, the protrud-
ing portion 17A is provided at the end portion of the first
conical surface 15A which is formed in a portion which is
close to the large-diameter ring portion of the pillar portion
13, and as illustrated in FIG. 11B, the protruding portion 17B
is provided at the end portion of the second conical surface
15B which is formed in a portion which is close to the small-
diameter ring portion of the pillar portion 13.

[0145] Inaddition, in order to assemble the tapered roller 4
and the resin cage 10, in the protruding portion 17A which is
close to the large-diameter ring portion of the pillar portion
13, the opening width W1 on the inner diameter in the pocket
P is smaller than the roller diameter Dw1 on the large-diam-
eter side, and in the protruding portion 17B which is close to
the small-diameter ring portion of the pillar portion 13, the
opening width W2 on the outer diameter of the pocket is
smaller than the roller diameter D2 on the smaller-diameter
side.

[0146] Table 2 shows a test result of the roller insertability
and the roller retaining performance by changing the overlap
allowance (Dw1-W1) in the protruding portion 17A which is
close to the large-diameter ring portion of the pillar portion 13
and the overlap allowance (Dw2-W2) in the protruding por-
tion 17B which is close to the small-diameter ring portion of
the pillar portion 13 for every 0.1 mm within the range 0f 0.1
mm to 0.7 mm. It is noted that, other conditions of the test are
set to be the same. In addition, in Table, a double circle
indicates that both the roller insertability and the roller retain-
ing performance are good, a single circle indicates that either
the roller insertability or the roller retaining performance is
not as good as a case of the double circle, but is implement-
able, and x indicates that either the roller insertability or the
roller retaining performance is not implementable.

[0147] From the above result, it is found that the overlap
allowance (Dw1-W1) in the protruding portion 17A which is
close to the large-diameter ring portion of the pillar portion 13
is preferably set to be in a range of 0.1 mm to 0.7 mm, and the
overlap allowance (Dw2-W2) in the protruding portion 17B
which is close to the small-diameter ring portion of the pillar
portion 13 is preferably set to be in a range 0of 0.1 mm to 0.6
mm. Particularly, from a viewpoint of a good balance
between the roller insertability and the roller retaining per-
formance, it is preferable that the overlap allowance (Dw1-
W1) in the protruding portion 17A which is close to the
large-diameter ring portion of the pillar portion 13 is set to be
within the range of 0.2 mm to 0.6 mm, and the overlap
allowance (Dw2-W2) in the protruding portion 17B which is
close to the small-diameter ring portion of the pillar portion
13 is set to be within the range of 0.1 mm to 0.3 mm.
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TABLE 2

Overlap allowance (mm)

01 02 03 04 0S5 0.6 0.7

Protruding portion 17A O @ e e o O O
close to large-diameter ring
Protruding portion 17B ® O ©
close to small-diameter ring

o O O X

[0148] In addition, as illustrated in FIGS. 8A to 9B, an
annular notch portion 18 is formed on the inner peripheral
surface of the large-diameter ring portion 11 such that a
thickness t; of the large-diameter ring portion 11 becomes
thinner than a thickness t of the pillar portion 13, and the inner
peripheral surface of the cage 10 is formed into a stepped
shape from the pillar portion 13 to the large-diameter ring
portion 11. In addition, the notch portion 18 is notched in a
portion of the pillar portion 13 along the radial direction. Due
to this, since the thickness of the large-diameter ring portion
11 and a portion in the protruding portion 17A of the pillar
portion 13 is also cut out, an amount of elastic deformation of
the pillar portion 13 on the large-diameter ring portion
becomes larger, and thereby the tapered roller 4 is easily
inserted into the cage 10 from the inside thereof. In addition,
the large flange 35 of the inner ring 3 can enter the annular
notch portion 18, and thus it is possible to increase an amount
of the axial loads by making the large flange 35 larger corre-
spondingly. Further, since a portion of the pillar portion 13 is
notched along the radial direction, it is possible to avoid the
overlapping allowance of the notch portion 18 with the large
flange 3b.

[0149]
set to be in a range of 30% to 70% of the averaged roller
diameter [(Dw1+Dw2)/2] of the tapered roller 4, and the
thickness t, of the large-diameter ring portion 11 is set to be
within the range of 40% to 80% of the thickness of the pillar
portion 13.

[0150] When a thickness t, of the large-diameter ring por-
tion 11 is less than 40% of the thickness of the pillar portion
13, the thickness thereof becomes smaller, and thus the
strength may be deteriorated. On the other hand, when the
thickness t, of the large-diameter ring portion 11 is greater
than 80% of the thickness of the pillar portion 13, there is a
concern that the insertability of the tapered roller 4 becomes

Specifically, the thickness of the pillar portion 13 is

deteriorated, and it is likely to be in contact with the large
flange 34 as illustrated in FIG. 8A in some cases.

[0151]
grooves 14, 14 is set to be within the range of 0.1 mm to 0.8

As described above, when the depth of the recessed

mm, the thickness t, of the large-diameter ring portion 11 is
set to be within the range of 40% to 80% of the thickness of
the pillar portion 13, it is possible to sufficiently secure the
strength of the cage 10.

[0152] In addition, as illustrated in FIG. 8A, the inclined
angle o, of the outer peripheral surface of the cage 10 with
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respectto the rotation axis of the tapered roller bearing 1 is set
to be 32°30' or greater and smaller than 55°, and is preferably
set to be from 32°30' to 54° to correspond to the contact angle
a of the tapered roller bearing 1.

[0153]
preferable that the tapered roller bearing 1 in the present

In order to obtain the high moment rigidity, it is

embodiment adopt a back surface combination (a DB assem-
bly) as the bearing arrangement thereof. In addition, it is
possible to improve the moment rigidity in the tapered roller
bearing 1 as long as a pre-load is increased; in contrast, since
it is likely that the life span of the bearing is decreased, it is
preferable to use a long life steel which is subjected to special
thermal processing (carburizing processing or carbonitriding
processing).

[0154]
dynamic rated load (Cr)x20% to 60%, the comparison is

Here, under the load condition of a bearing basic

performed on the moment rigidity and the life span while
changing the contact angle. In Table 3, a double circle indi-
cates that the moment rigidity and the life span are imple-
mentable and effective, a single circle indicates that the per-
formance is not as good as the case of the double circle, but is
implementable, a triangle indicates that the performance is
not as good as the case of the single circle but is implement-
able, and x indicates that the moment rigidity and the life span
are not effective. From the result in Table 3, it is found that it

10
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TABLE 3-continued

Contact Moment Life

angle a rigidity span
Example 3 45° ® ®
Example 4 42° 30 ® ®
Example 5 40° ® ®
Example 6 37° 30’ O O
Example 7 35° O O
Comparative Example 3 30° A A
Comparative Example 4 27° 30 X X
Comparative Example 5 25° X X

[0155] Next, the influence from each data is verified in view

of further compactness by re-examining internal specifica-
tions of Examples 3 to 6 having the above satisfactory test
results. In addition, a basic dynamic rated load ratio as indi-
cated in Table 4 is a value obtained by comparing with Com-
parative Example 4 when the basic dynamic rated load of
Comparative Example 4 is set to be 1. In Table 4, a double
circle indicates that the moment rigidity and the life span are
implementable and effective, a single circle indicates that the
performance is not as good as the case of the double circle but
is implementable, and x indicates that the moment rigidity
and the life span are not effective. When comprehensively
determining the results obtained from Table 4, as in Examples
810 11, when the contact angle satisfies the conditions of the
present invention, it is possible to achieve the high moment
rigidity and long life span, and when Lw/B, Dw1/H, (D1-d)/
2H satisfies the conditions of the present invention, it is pos-
sible to achieve the compactness and the improvement of
strength of the large flange.

TABLE 4
Basic
dynamic Strength
Contact (D1 -d)/ rated load Moment Life of large
H/d anglea Lw/B Dwl/H 2H ratio rigidity span Compactness flange
Comparative Example 4 0.11 27°30’ 0.58 0.51 0.49 1 X X © X
Comparative Example 8 45° 0.96 0.46 0.8 0.97 © © © ®
Reference example 1 45° 1.28 0.65 0.98 1.39 © © X ®
Example 9 42°30 0.94 0.48 0.77 1.04 ®© ®© ®© O
Reference example 2 42°30' 1.26 0.67 0.95 1.49 ®© ®© X ®
Example 10 40° 0.93 0.51 0.74 1.11 © © © O
Reference example 3 40° 1.25 0.7 0.92 1.59 © © X ®
Example 11 37°30" 0.93 0.54 0.72 1.17 O O © O
Reference example 4 37°30 1.25 0.73 0.91 1.67 © © X ®
is possible to obtain high moment rigidity and a long life span [0156] Inaddition, Table 5 and FIG. 12 illustrate a moment

by setting the contact angle to be within the range of 35° to
55°.

TABLE 3
Contact Moment Life
angle a rigidity span
Comparative Example 1 65° A X
Comparative Example 2 60° O A
Example 1 55° O O
Example 2 50° ® ®

rigidity ratio and a life span ratio in each pre-load radio of a
newly invented product (Example 8) in a case where the
moment rigidity and the life span in the tapered roller bearing
of'a conventional product (Comparative Example 4) are set to
be 1 when a pre-load ratio is 4. Here, the pre-load ratio is a
value represented by a ratio relative to “1” when setting a
pre-load having a certain value is set to be “1”. In addition, the

pre-load ratio represented by “0” means 0“N”.
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TABLE 5
When pre-load
ratio is 4
Contact (D1 -d)/ Moment
H/d anglea Lw/B Dwl/H 2H rigidity  Life span
Conventional 0.11  27°30' 0.58 0.51 0.49 1 1
product
(Comparative
Example 4)
Invented product 45° 0.96 0.46 0.8 2.1 4
(Example 8)
[0157] As illustrated in FIG. 12, the moment rigidity ratio

of the tapered roller bearing of the newly invented product
(Example 8) is 2.1 relative to the conventional product (Com-
parative Example 4) when the pre-load ratio is 4, and life span
ratio with respect to Comparative Example 4 is 4. In addition,
it is found that in both pre-load ratios, the tapered roller
bearing in the newly invented product (Example 8) has a value
greater than the conventional product (Comparative Example
4) in terms of the moment rigidity ratio and life span ratio.

[0158] As described above, according to the resin cage 10
for a tapered roller bearing in the present embodiment, since
the conical surfaces 15A, 15B which come in slide contact
with the outer peripheral surface of the tapered roller 4 and the
radially flat surfaces 16A, 16B are alternately formed on the
facing surfaces of the pillar portions 13 which are adjacent to
each other by being separated to the outer diameter side and
the inner diameter side from the mold parting line A, and the
tapered roller 4 is held by the conical surface 15A which is
positioned on the outer diameter side from the mold parting
line A and the conical surface 15B which is positioned on the
inner diameter side from the mold parting line A, and the cage
can support the tapered roller 4 while holding the tapered
roller in a state where the tapered roller bearing is not
assembled between the inner ring and the outer ring. Accord-
ingly, with such a cage and roller, it is possible to facilitate the
assembly of the tapered roller bearing, for example, the
assembly can be easily performed by an automatic machine.

[0159] In addition, according to the present embodiment,
since there is no need to form the inside protruding portion,
which is disclosed in Patent Document 2 and cannot be
formed without the radial draw, for preventing the tapered
roller from being dropped out to the inner diameter side, the
conical surfaces 15A, 15B which come in slide contact with
the outer peripheral surface of the tapered roller 4 and the
radially flat surfaces 16A, 16B are alternately formed on the
facing surfaces of the adjacent pillar portions 13, by being
separated to the outer diameter side and the inner diameter
side from the mold parting line A, and thus it is possible to
extract a pair of moldings in the axial direction, thereby
injection-molding the large-diameter ring portion 11, the
small-diameter ring portion 12, and the pillar portion 13 by
using the axial-draw molding. Accordingly, since the mold is
complicated and is not expensive, a manufacturing cost of the
resin cage 10 for a tapered roller bearing is not increased.
[0160] Meanwhile, the cage 10 in the present embodiment
is not necessarily injection-molded with the axial-draw mold-
ing by using a pair of moldings, but may be injection-molded
by partially using an insert or a core.

[0161] In addition, since the recessed groove 14 along the
mold parting line A is formed on the facing surfaces of the

pillar portion 13, even when a burr occurs due to the mold
parting line A in the pocket P, the burr having a size which can
be stored in the recessed groove 14 does not interfere with the
tapered roller 4. Therefore, it is possible to allow the burr
having a size which can be stored in the recessed groove 14.
Accordingly, it is possible to significantly reduce a risk that
the tapered roller 4 and the raceway surfaces in the inner ring
and the outer ring are damaged because the burr is dropped
out from the cage 10 during the rotation of the tapered roller
bearing, and a risk of inhibiting the smooth rotation of the
tapered roller 4.

[0162] In addition, in the present embodiment, the mold
parting line A is formed in the center portion of the pillar
portion 13 in the radial direction such that the first conical
surface 15A and the second conical surface 15B are substan-
tially the same as each other in a length along an extension
direction of the pillar portion 13. Due to this, it is possible to
reliably prevent the tapered roller 4 from being dropped out to
the inner diameter side and the outer diameter side by the first
conical surface 15A and the second conical surface 15B.

[0163] Inaddition, the large flange 354 is formed at the end
portion on the large-diameter side of the inner ring 3, the inner
ring raceway surface 3a is provided to be continuous to the
end surface of small-diameter side 3¢ of the inner ring 3, and
the contact angle a is set to be 45°. With this, it is possible to
improve the moment rigidity, and make the roller length
longer so as to increase the load capacity, thereby achieving
the high moment rigidity and the long life span. In addition, it
is possible to achieve the high moment rigidity by setting the
contact angle o within a range of35° to 55°. A pair of tapered
roller bearings 1 are arranged in the axial direction, and in a
case where the distance between the bearings is short, that is,
in a case where the distance between the bearings is equal to
or smaller by four times than an assembly width T of the
bearing, when the contact angle a. is set to be in a range of 35°
to 55°, it is possible to make the distance between points of
load application longer, which is particularly effective in
improving the moment rigidity of the bearing.

[0164] In addition, when the inner diameter of the tapered
roller bearing 1 is set to be d and the outer diameter of the
inner ring is set to be D1, the ratio of the height of the large
flange in the inner ring (D1-d)/2 to the wall thickness H of the
cross section in the radial direction is set to be 0.7<(D1-d)/
2H<0.9, and thus, due to this, it is possible to support the large
flange 35 and significantly improve the strength of the large
flange 3b.

[0165] Further, since the ratio of the roller length L.w to the
inner ring width B is set to be 0.8<Lw/B<1.2, the size of the
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tapered roller can be reduced, and the load capacity can be
made larger, thereby achieving the high moment rigidity and
the long life span.

[0166] Inaddition, since the ratio of the radial cross-section
thickness H and the inner diameter d is set to be 0.05<H/d<0.
15, itis possible to achieve a compact configuration by setting
the thickness to be thin in the radial direction.

[0167] In addition, when the ratio of the roller diameter
Dw1 of the tapered roller on the large-diameter side to the
cross section H in the radial direction is set to be 0.3<Dw1/
H<0.6, the size of the tapered roller can be reduced, and the
load capacity can be made larger, thereby achieving the high
moment rigidity and the long life span.

[0168] In addition, the annular notch portion 18 is formed
on the inner peripheral surface of the large-diameter ring
portion 11 such that a thickness t, of the large-diameter ring
portion 11 becomes thinner than a thickness t of the pillar
portion 13. Due to this, the amount of elastic deformation of
the pillar portion 13 on the cage 1 becomes larger, and thereby
the tapered roller 4 is easily inserted into the cage 10 from the
inside thereof.

[0169] Further, the pillar portion 13 is formed by setting the
protruding portion 17A which is close to the large-diameter
ring portion as an overlap allowance of 0.1 mm to 0.7 mm, and
setting an opening width W1 on the inner diameter in the
pocket P to be smaller than the roller diameter Dw1 of the
tapered roller 4 on the large-diameter side, and the pillar
portion 13 is formed by setting the protruding portion 17B
which is close to the large-diameter ring portion as an overlap
allowance of 0.1 mmto 0.6 mm, and setting the opening width
W2 on the outer diameter of the pocket P to be smaller than
the roller diameter Dw2 of the tapered roller 4 on the small-
diameter side. With this, since the protruding portions 17A
and 17B hold the tapered roller 4 between the outer side and
the inner side of the pocket of the cage, it is possible to
improve the insertability and the roller retaining performance
of'the tapered roller 4 with respect to the cage 10. That is, the
pillar portion 13 may be formed by sitting at least a portion of
the inner diameter in the pocket P as the overlap allowance of
0.1 mm to 0.7 mm, and setting the opening width W1 on the
inner diameter in the pocket P to be smaller than the roller
diameter Dw1 of the tapered roller 4 on the large-diameter
side, and the pillar portion 13 may be formed by sitting at least
a portion on the side of the outer diameter in the pocket P as
the overlap allowance of 0.1 mm to 0.6 mm, and setting the
opening width W2 on the outer diameter of the pocket P to be
smaller than the roller diameter Dw2 ofthe tapered roller 4 on
the small-diameter side.

[0170] Further, in addition, since the inclined angle a2 of
the cage 10 is set to be 32°30' or greater and smaller than 55°,
the cage 10 is applicable to the steep tapered roller bearing 1
of which the contact angle o is 35° to 55°.

[0171] As described above, the tapered roller bearing 1 of
the present embodiment, the small flange in the inner ring is
eliminated so as to realize the high moment rigidity and long
life span, and accordingly, the length of the roller is made
longer. In order to cope with this, the present embodiment is
realized that the tapered roller 4 and the cage 10 are
assembled by setting the overlap allowance of the cage 10,
and improving the roller retaining performance of the cage
10. Therefore, the cage 10 which is adopted for the tapered
roller bearing 1 in the present embodiment is realized to
function of holding the tapered roller 4 instead of the small
flange in the inner ring which usually functions ofholding the
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tapered roller 4, and thereby it is possible to effectively pre-
vent the steep tapered roller bearing 1 of which the contact
angle o is 35° to 55° from being dropped out.

[0172] Meanwhile, in the above-described embodiment,
the recessed groove 14 is formed along the mold parting line
A, but since the recessed groove 14 becomes a cause of
deteriorating the strength of the pillar portion 13, the recessed
groove 14 is preferably formed as small as possible. For
example, as a modification example illustrated in FIG. 13, the
mold parting line A may be formed without the recessed
groove unlike the above-described embodiment.

[0173] Inaddition, in the above-described embodiment, the
annular notch portion 18 is formed on the inner peripheral
surface of the large-diameter ring portion 11, but in the
present invention, the annular notch portion may be formed
on at least one of the inner peripheral surface of the large-
diameter ring portion 11 and the outer peripheral surface of
the small-diameter ring portion 12. For example, as a modi-
fication example illustrated in FIG. 14, the annular notch
portions 18, 19 may be formed on both of the inner peripheral
surface of the large-diameter ring portion 11 and the outer
peripheral surface of the small-diameter ring portion 12 such
that the thicknesses t,, t, of both ring portions 11, 12 is smaller
than the thickness of the pillar portion 13 so as to easily insert
the tapered roller 4 from both sides of the cage 10.

Third Embodiment

[0174] Next, the tapered roller bearing according to the
third embodiment of the invention will be described with
reference to the drawings. In the drawings, the same or
equivalent components as those in the second embodiment
are denoted by the same reference numerals and the descrip-
tion thereof will not be repeated or briefly made.

[0175] In the third embodiment, as illustrated in FIGS. 15
and 16, the large flange 35 of the inner ring 3 includes a
recessed portion 20 in a position facing the large-diameter
ring portion 11 of the cage 10, particularly in the present
embodiment, a position facing the notch portion 18 between
a large flange surface 34 which is contact with a large end
surface 4a of the tapered roller 4 and an outer diameter sur-
face 3e of a large flange which is a cylindrical surface of a
diameter larger than a maximum outer diameter position (a
position indicated by a diameter D2) of the large flange sur-
face 3d. Due to this, it is possible to avoid the overlapping
allowance of the large flange 35 with the large-diameter ring
portion 11 of the cage 10, and suppress breakage caused by
the wear of the cage 10. On the other hand, it is possible to
make the thickness of the large-diameter ring portion 11 in the
cage 10 large to be maximum by providing the recessed
portion 20 in the large flange 35, thereby improving the
strength of'the cage 10. In addition, since it is possible to hold
alubricant in the recessed portion 20, it is possible to improve
lubricity of the large flange surface 3d of the inner ring 3.
Particularly, it is possible to widen a space for holding the
lubricant by the notch portion 18 and the recessed portion 20.
As the lubricant, grease or lubricating oil can be used, and in
a case of using the lubricating oil, it is preferable to use the
lubricating oil having high viscosity so as to be easily held in
the recessed portion 20.

[0176] A cross-section profile of the recessed portion 20 is
formed into a curved surface which is formed of a single arc
of a curvature radius r. Meanwhile, in the present embodi-
ment, chamfering is performed on a boundary between the
outer diameter surface 3e of the large flange (a position indi-
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cated by a diameter D1) and the recessed portion 20, and the
boundary between the maximum outer diameter position (the
position indicated by the diameter D2) of the large flange
surface 3d and the recessed portion 20, but the chamfering
shape is not limited. In addition, in order to secure the strength
of'the large flange 35, the recessed portion 20 is formed on the
inner side of a virtual surface I which includes a ridge line e
(which is indicated by a point e in a sectional view shown in
FIG. 16) in which the recessed portion 20 and the outer
diameter surface 3e of the large flange intersect with each
other, and is perpendicular to the rotation axis in the axial
direction.

[0177] Meanwhile, in consideration of the balance between
the holding properties of the lubricant and the strength of the
large flange 35, when the outer diameter of the inner ring, that
is, a diameter of the outer diameter surface 3e of the large
flange is set to be D1, and a diameter at the maximum outer
diameter position on the large flange surface 34 is set to be
D2, the curvature radius r of the cross-section profile of the
recessed portion 20 which is formed of the single arc is
preferably set to be r=(D1-D2)/2.

[0178] Inaddition, in the above-described embodiment, the
recessed portion 20 is set as the single arc from the viewpoint
of ease of processing, but is not limited thereto, for example,
as illustrated in FIG. 17, the recessed portion 20 may be
formed of a curved surface which is formed of a plurality of
arcs 21a, 215 including curvature radiuses rl, r2, or may be
formed of a stepped surface.

[0179] FIGS. 18A and 18B illustrates a modification
example in which the recessed portion 20 is formed of a
stepped surface 22 and two curved surfaces 24a, 245 which
include an arc having curvature radiuses r3, r4. The stepped
surface 22 includes a cylindrical surface 22a a which is close
to the large flange surface and an annular flat surface 226
which is close to the outer surface of the large flange and
extends to the outside in the radial direction from the cylin-
drical surface 22a. Meanwhile, also in this modification
example, the chamfering is performed on the boundary
between the outer diameter surface 3e of the large flange (the
position indicated by the diameter D1) and the recessed por-
tion 20, and the boundary between the maximum outer diam-
eter position (the position indicated by the diameter D2) of the
large flange surface 34 and the recessed portion 20, but the
chamfering shape is not limited. The boundary between the
cylindrical surface 22a and the annular flat surface 225 may
be formed into a curved surface. Further, the curvature radi-
uses r3, r4 of two curved surfaces 24a, 24b may be the same
as each other.

[0180] As described above, according to the tapered roller
bearing 1 in present embodiment, since the large flange 35 is
formed on the end portion on the large-diameter side of the
inner ring 3, and the large flange 354 includes the recessed
portion 20 in the position facing the large-diameter ring por-
tion 11 of the cage 10, it is possible to avoid the overlapping
allowance of the large flange 36 with the cage 10, and improve
the strength of the cage 10. In addition, it is possible to
improve lubricity of the large flange surface 34 of the inner
ring 3 by holding the lubricant in the recessed portion 20.
[0181] Meanwhile, the recessed portion 20 may be formed
between the large flange surface 34 which is in contact with
the large end surface 4a of the tapered roller 4 and the outer
diameter surface 3e of the large flange which is the cylindrical
surface of the diameter larger than the maximum outer diam-
eter position of the large flange surface 34, and may be formed
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of any one of the curved surface, the stepped surface, and a
combination of the curved surface and the stepped surface.
[0182] In addition, in a case where the recessed portion 20
is formed of the curved surface, the cross-section profile of
the recessed portion 20 may be formed of the single arc or the
plurality of arcs 21a, 215. Particularly, in a case where the
recessed portion 20 is formed of the single arc, when the
diameter of the outer diameter surface 3e of the large flange is
set to be D1, and the diameter of the maximum outer diameter
position on the large flange surface 3d is set to be D2, it is
possible to achieve both the holding properties of the lubri-
cant and the strength of the large flange of the cross-section
profile of the recessed portion 20 by setting the curvature
radius r to be r=(D1-D2)/2.

[0183] Since the recessed portion 20 is formed on the inner
side of a virtual surface I which includes a ridge line e in
which the recessed portion 20 and the outer diameter surface
3e of the large flange intersect with each other, and is perpen-
dicular to the rotation axis, it is possible to secure the strength
of the large flange 35.

[0184] In addition, as illustrated in FIGS. 18A and 18B, in
a case where the recessed portion 20 is formed of the stepped
surface 22 and two curved surfaces 24a, 245, the stepped
surface 22 is formed by including a cylindrical surface 22a
close to the large flange surface 34 and an annular flat surface
22b which is close to the outer diameter surface 3e of the large
flange and extends to the outside from the cylindrical surface
22a in the radial direction, and thus it is possible to hold much
more lubricants.

[0185] For example, in the inner ring 3 of a modification
example as illustrated in FIG. 19A, the recessed portion 20
formed of the curved surface may be formed by performing a
certain chamfering on the maximum outer diameter position
of'the large flange surface 34, and then forming the cylindrical
surface 23 which extends along the axial direction. Alterna-
tively, in the inner ring 3 of a modification example as illus-
trated in FIG. 19B, after performing a certain chamfering on
the maximum outer diameter position of the large flange
surface 34, and then forming, the recessed portion 20 which
includes the curved surface may be formed of a stepped
surface 22 which includes a cylindrical surface 22a connect-
ing to the large flange surface 3d, and an annular flat surface
22b connecting to the outer diameter surface 3e of the large
flange. Therebys, it is possible to hold much more lubricants.
[0186] In addition, the outer diameter surface 3e of the
large flange of the inner ring 3 may be formed by the maxi-
mum outer diameter portion of the recessed portion 20
instead of the cylindrical surface.

Fourth Embodiment

[0187] Next, the tapered roller bearing according to the
fourth embodiment of the invention will be described with
reference to the drawings. In the drawings, the same or
equivalent components as those in the first embodiment are
denoted by the same reference numerals and the description
thereof will not be repeated or briefly made.

[0188] As illustrated in FIG. 20A, in the tapered roller
bearing in the fourth embodiment, an axially extended por-
tion 30 extending in the axial direction is provided and a
clearance groove 3f7is formed at an end portion on the small-
diameter side of the inner ring 3 without providing the small
flange. In addition, an axially extended portion 31 extending
in the axial direction is provided and a clearance groove 25 is
formed at an end portion on the large-diameter side of the
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outer ring 2. These axially extended portions 30, 31 are pro-
vided so as to properly adjust the width sizes of the inner ring
3 and the outer ring 2 in the axial direction, that is, in terms of
the design, it is possible to adjust the width size of the inner
ring and the outer ring that a client requires, without changing
internal specifications of the inner diameter of the inner ring
and the outer diameter of the outer ring and the bearing.
Meanwhile, FIG. 20B illustrates a case where the tapered
roller bearing is provided with the axially extended portions
30, 31 with respect to the tapered roller bearing in the second
embodiment. Other configurations and operations are the
same as those in the first and second embodiments.

[0189] Itis noted that the present invention is not limited to
the above-described embodiments, but may be properly
modified and improved.

[0190] The tapered roller bearing ofthe present invention is
applicable to various reduction gears for a motor, an industrial
robot, and a transport device, for example, an orthogonal axis
gear reducer and a hypoid reduction gear.

[0191] In addition, “the substantially flat surface in the first
radial direction” and “the substantially flat surface in the
second radial direction” in the present invention are not lim-
ited to the flat surface extending in the radial direction or the
flat surface in which the facing surfaces of the adjacent pillar
portion which are parallel to each other, but may be a flat
surface facing the radial direction so as to be moldable by
using the axial-draw molding, and may be the curved surface
having a small curvature, or a shape made by combining the
curved surface and the flat surface, without being limited to
the flat surface described in the first and second embodiments.
[0192] The present invention is based on the Japanese
Patent Application No. 2013-078999 filed on Apr. 4, 2013,
and Japanese Patent Application No. 2013-079000 filed on
Apr. 4, 2013, the entire contents of which are incorporated
herein by reference.

REFERENCE SIGNS LIST

[0193] 1 tapered roller bearing

[0194] 2 outer ring

[0195] 2a outer ring raceway surface

[0196] 3 inner ring

[0197] 3a inner ring raceway surface

[0198] 354 large flange (flange portion)

[0199] 3d large flange surface

[0200] 3e outer diameter surface of large flange

[0201] 4 tapered roller

[0202] 4a large end surface

[0203] 10 resin cage for tapered roller bearing

[0204] 11 large-diameter ring portion

[0205] 12 small-diameter ring portion

[0206] 13 pillar portion

[0207] 14 recessed groove

[0208] 15A conical surface on inner diameter side, first
conical surface

[0209] 15B conical surface on outer diameter side, second
conical surface

[0210] 16A radially flat surface (substantially flat surface in

first radial direction)
[0211] 16B radially flat surface (substantially flat surface in
second radial direction)

[0212] 17A, 17B protruding portion
[0213] 20 recessed portion
[0214] 22 stepped surface
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[0215] A mold parting line

[0216] B inner ring width

[0217] C virtual conical surface connecting rotation axis of
tapered roller

[0218] D outer diameter

[0219] D1 outer diameter of inner ring (diameter on outer

diameter surface of large flange)
[0220] D2 diameter at maximum outer diameter position of
large flange surface

[0221] Dwl roller diameter on large-diameter side
[0222] H radial cross-section thickness

[0223] Lw roller length

[0224] P pocket

[0225] T assembly width

[0226] d inner diameter

[0227] e ridge line

[0228] r curvature radius

[0229] o contact angle

[0230] @, inclined angle of cage

1. A resin cage for a tapered roller bearing, the resin cage
being injection-molded such that a large-diameter ring por-
tion and a small-diameter ring portion which are separated
from each other in an axial direction are connected to each
other by a plurality of pillar portions which come in slide
contact with an outer peripheral surface of a tapered roller
which is a rolling element, and a plurality of pockets are
equally formed in a circumferential direction for housing and
holding the tapered roller,

wherein a mold parting line which is extended in the axial

direction is formed in the pillar portion defining the
pockets,

wherein on facing surfaces of the adjacent pillar portions,

on an outer diameter side from the mold parting line, a
first conical surface which comes in slide contact with
the outer peripheral surface of the tapered roller is
formed, and a substantially flat surface in a first radial
direction which is continuous to the first conical surface
is formed in a portion on the outer diameter side from the
first conical surface, and

wherein on an inner diameter side from the mold parting

line, a second conical surface which comes in slide con-
tact with an outer peripheral surface of the tapered roller
is formed, and a substantially flat surface in a second
radial direction which is continuous to the second coni-
cal surface is formed in a portion on the inner diameter
side from the second conical surface.

2. The resin cage for a tapered roller bearing according to
claim 1,

wherein the large-diameter ring portion, the small-diam-

eter ring portion, and the pillar portion of the cage are
molded by extracting a pair of moldings in the axial
direction.

3. The resin cage for a tapered roller bearing according to
claim 1,

wherein a recessed groove along the mold parting line is

formed on the facing surface of the pillar portion.

4. The resin cage for a tapered roller bearing according to
claim 3,

wherein a depth of the recessed groove is within a range of

0.1 mm to 0.8 mm.

5. The resin cage for a tapered roller bearing according to
claim 4,

wherein a boundary between the first conical surface and

the substantially flat surface in the first radial direction,
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and a boundary between the second conical surface and
the substantially flat surface in the second radial direc-
tion match each other, and

wherein the depth of the recessed groove is within a range

of 0.1 mm to 0.6 mm in the vicinity of an intersection
position of the boundary and the mold parting line.

6. The resin cage for a tapered roller bearing according to
claim 1,

wherein the mold parting line is formed substantially in a

center portion of the pillar portion in the radial direction
such that the first conical surface and the second conical
surface are substantially the same as each other in a
length along an extension direction of the pillar portion.

7. The resin cage for a tapered roller bearing according to
claim 1,

wherein the pillar portion is formed such that an opening

width on an inner diameter side in the pocket is smaller
than a roller diameter of the tapered roller on a large-
diameter side while an overlapping allowance ranges
from 0.1 mm to 0.7 mm in at least a portion on the inner
diameter side of the pocket and that an opening width on
an outer diameter side in the pocket is smaller than a
roller diameter of the tapered roller on a small-diameter
side while an overlapping allowance ranges from 0.1
mm to 0.6 mm in at least a portion on the outer diameter
side of the pocket.

8. The resin cage for a tapered roller bearing according to
claim 1,

wherein an annular notch portion is formed on at least one

of'an inner peripheral surface of the large-diameter ring
portion and an outer peripheral surface of the small-
diameter ring portion such that a thickness of the ring
portion is smaller than a thickness of the pillar portion.

9. (canceled)

10. The resin cage for a tapered roller bearing according to
claim 8,

wherein the notch portion is formed on the inner peripheral

surface of the large-diameter ring portion,

wherein a thickness of the large-diameter ring portion is

40% to 80% of a thickness of the pillar portion, and
wherein the thickness ofthe pillar portion is 30% to 70% of
an averaged roller diameter of the tapered roller.

11. The resin cage for a tapered roller bearing according to
claim 1,

wherein an inclination angle of the cage is set to be equal to

or greater than 32°30" and less than 55°.

12-15. (canceled)

16. The resin cage for a tapered roller bearing according to
claim 1, the resin cage being injection-molded using an axial-
draw molding

wherein on facing surfaces of the adjacent pillar portions,

on the outer diameter side from the mold parting line, a
conical surface on the inner diameter side which comes
in slide contact with the outer peripheral surface of the
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tapered roller and which is the first conical surface is
formed in a portion on the inner diameter side from a
virtual conical surface connecting to respective rotation
axes of a plurality of tapered rollers, and the substan-
tially flat surface in the first radial direction which is
continuous to the conical surface on the inner diameter
side is formed in a portion on the outer diameter side
from the virtual conical surface, and on the inner diam-
eter side from the mold parting line, a conical surface on
the outer diameter side which comes in slide contact
with the outer peripheral surface of the tapered roller and
which is the second conical surface is formed in a por-
tion on the outer diameter side from the virtual conical
surface, and the substantially flat surface in the second
radial direction which is continuous to the conical sur-
face on the outer diameter side is formed in a portion on
the inner diameter side from the virtual conical surface.

17-18. (canceled)

19. A tapered roller bearing comprising:

an outer ring which includes an outer ring raceway surface
on an inner peripheral surface;

an inner ring which includes an inner ring raceway surface
on an outer peripheral surface;

a plurality of tapered rollers which are rollably arranged
between the outer ring raceway surface and the inner
ring raceway surface; and

the resin cage according to claim 1,

wherein a flange is formed at an end portion on a large-
diameter side of the inner ring, the inner ring raceway
surface is provided to be continuous to an end surface of
a small-diameter side of the inner ring, and a contact
angle o of the tapered roller bearing is set to be within a
range of 35° to 55°.

20. A tapered roller bearing comprising:

an outer ring which includes an outer ring raceway surface
on an inner peripheral surface;

an inner ring which includes an inner ring raceway surface
on an outer peripheral surface;

a plurality of tapered rollers which are rollably arranged
between the outer ring raceway surface and the inner
ring raceway surface; and

the resin cage according to claim 1,

wherein a flange is formed only at an end portion on a
large-diameter side among the end portion on the large-
diameter side and an end portion on a small-diameter
side ofthe innerring, and a contact angle o of the tapered
roller bearing is set to be within a range of 35° to 55°.

21. The tapered roller bearing according to claim 19,

wherein a flat surface or a recessed portion which faces a
notch portion of the cage is formed in the flange such that
the flange is formed into a shape of entering the notch
portion.



